Compounds with second-order nonlinear optical (NLO) properties are important as molecular building block materials for optical communications, optical data processing and storage, or electrooptical devices.
Of particular interest are organic acidochromes which display substantial NLO variations due to their ability to alternate between two distinct chemical forms having different absorption spectra in response to protonation-deprotonation.
The first studies on the NLO properties of acid-base couples were reported by Das, 3 The high increase of the quadratic hyperpolarizability of variously substituted styryl pyridines upon coordination to a metal center 9 or alkylation of the pyridine moiety 10 prompted us to investigate the possibility of switching their second-order NLO response by the protonation-deprotonation reaction. In addition, since p-delocalized systems are often characterized by intense photoluminescence and in view of the recent and increasing interest in luminescent organic solids showing acidochromic switch of the emission, 11 we also studied the transformation in solid state and in solution by emission spectroscopy. The molecular target chosen was the diphenyl-(4-{2-[4-(2-pyridin-4-yl-vinyl)-phenyl]-vinyl}-phenyl)-amine (DPVPA), a known luminescent p-delocalized chromophore, 12, 13 which second-order NLO properties had never been studied. In this communication, we present the results of this investigation that led to a new acido-triggered reversible luminescent and NLO switch. It is also shown for the first time that Electric-FieldInduced Second Harmonic generation (EFISH) measurements can be used as a convenient method to reveal a protonationdeprotonation NLO contrast. DPVPA was easily prepared using a slightly modified version of the procedure reported in the literature (see Scheme 1).
The UV-visible absorption spectrum of DPVPA in CHCl 3 shows one major band at 410 nm which can be attributed to an intramolecular charge transfer transition (ICT) emanating from the NPh 2 donor-end of the molecule. This absorption is red shifted with respect to that of dialkylamino styrylpyridine (l max at 381 nm), in agreement with a higher p-delocalisation. Upon exposure of a CHCl 3 solution of DPVPA to HCl vapours for 1 h, the absorption maximum is shifted to 485 nm, a red-shift that can be attributed to protonation of the pyridine moiety with formation of [DPVPAH] + Cl À , as confirmed by 1 H NMR spectroscopy (see Fig. 1 and ESI †). The reverse transformation can be induced faster (about 30 min) by treatment of the solution with NH 3 vapours, as confirmed by 1 H NMR and absorption spectroscopy. Interestingly, the protonation-deprotonation process is accompanied by a macroscopic variation in the emissive behaviour. In fact, DPVPA in CHCl 3 displays an intense emission centred at 506 nm which is shifted to 665 nm upon exposure to HCl and restored after treatment with NH 3 vapours. A similar, but much faster, interconversion process can be induced by exposure of powders or thin films of DPVPA dispersed in a polymethylmethacrylate (PMMA) matrix to HCl and ammonia vapours. The initial 558 nm emission of DPVPA powder is, in fact, shifted to 675 nm after less than 5 minutes of exposure to HCl vapours and restored by treatment with ammonia vapours (less than 5 min). For PMMA thin films, the protonation is accomplished in less than 2 minutes, with absorption maxima shifting from 399 nm (not protonated form) to 434 nm and emission maxima going from 497 nm to 599 nm (see Fig. 2 ). Even in this case, the reverse reaction is induced by exposure to ammonia vapours (less than 2 min).
The observation of a 75 nm red-shift of the absorption band upon exposure of the CHCl 3 solution to HCl vapours prompted us to monitor the second-order NLO properties during the DPVPA/ Protonation-deprotonation NLO switches in solution are commonly studied by the HRS technique 2 which, however, suffers the limitation of possible overestimation of the value of the quadratic hyperpolarizability due to multiphoton fluorescence. To our knowledge, the EFISH method 16 has never been applied in such investigations, being usually considered offlimits for ionic species. However, it appears that the EFISH technique can be applied for the determination of the secondorder NLO response of ionic species by working in a solvent of a low dielectric constant such as CHCl 3 which favours ionpairing. 17 The observation of the easy interconversion between DPVPA and [DPVPAH] + Cl À upon exposure of CHCl 3 solutions to acid-base vapours prompted us to apply the EFISH method to study the NLO response of the DPVPA system upon protonationdeprotonation cycles. It is known that the EFISH technique 16 can provide direct information on the intrinsic molecular NLO properties through eqn (1):
where mb EFISH /5kT is the dipolar orientational contribution to the molecular nonlinearity, and g(À2o; o, o, 0), the third order polarizability at frequency o of the incident light, is a purely electronic cubic contribution to g EFISH which can usually be neglected when studying the second order NLO properties of dipolar compounds. :YAG laser. The mb EFISH of DPVPA increases by a factor of 1.5 (mb EFISH = 1025 Â 10 À48 esu) upon protonation in the presence of HCl vapours, in agreement with the red shift of the absorption band, whereas further exposure to NH 3 vapours restores (after filtration of the solution to remove NH 4 Cl which muddies the solution) the original value (Scheme 2).
In conclusion, DPVPA constitutes a new acido-triggered reversible luminescent and nonlinear optical switch. The alteration of the nonlinear properties is induced by the modulation of the internal charge-transfer due to the response of the molecule to protonation-deprotonation as the external stimulus. Remarkably, this communication unveils that the EFISH technique is a convenient and novel method to reveal a protonation-deprotonation NLO contrast. Moreover, based on the recent results reported by some of us on the application of the electric poling technique 18 for hybridizing thin films of ionic NLO chromophores, 19 the use of this latter technique to detect acidochromic NLO contrasts for bulk materials can be envisaged. Studies on the reversible protonation of thin films of DPVPA dispersed in PMMA are currently under investigation in our laboratories. This work was supported by MIUR (FIRB 2003: RBNE033KMA and FIRB 2004: RBPR05JH2P) and CNR.
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